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ABSTRACT 
The present study was undertaken to determine rela-
tionships between pre- and postoperative arterial oxygen 
tension levels in selected patients undergoing openheart 
surgery with cardiopulmonary bypass. A second purpose was 
to determine how the variables age, weight, and smoking were 
related to both pre- and postoperative arterial oxygen 
levels. 
Fourteen subjects admitted to the McKay-Dee Hospital 
in Ogden, Utah for openheart surgery from November 1973 to 
April 1974 comprised the study sample. Subjects were 
weighed on admission to the hospital and categorized as 
normal or overweight. Subjects were also categorized as 
either smokers or nonsmokers. Arterial blood samples were 
drawn preoperatively and on the third postoperative day. A 
third sample was drawn on available subjects the ninth 
postoperative day. Data were analyzed using multiple 
correlation techniques. 
Pre- and postoperative arterial oxygen tensions for 
each subject tn the sample were variable. Preoperatively, 
all but two subjects had arterial oxygen levels in the mild 
hypoxemic range. All subjects were hypoxemic postopera-
tively with the lowest values occurring on the third 
postoperative day. 
Analysis of data by the categories age and weight 
showed no statistically significant correlation between 
these variables and the pre- and postoperative arterial 
oxygen levels. An analysis of variance was conducted on 
all combinations of subject variables for both pre- and 
postoperative arterial oxygen values. No statistically 
significant results were found. 
Smoking was a statistically significant variable 
related to the arterial oxygen tensions of subjects in this 
investigation. There were no statistically significant 
differences shown between the smokers' and nonsmokers' 
preoperative arterial oxygen tensions. On the third 
postoperative day, however, the arterial oxygen tensions 
of the smokers were significantly lower than the arterial 
oxygen tensions of nonsmokers. Another statistically 
significant finding was that subjects with the highest 
preoperative arterial oxygen values had the lowest arterial 




Hypoxemia is a frequently recognized clinical 
syndrome encountered in patients undergoing openheart 
surgery who require cardiopulmonary bypass (Asada & 
Yamaguchi, 1971; Fordham, 1965; Geha, Sessler, & Kirklin, 
1966; McClenahan, Young, & Sykes, 1965; Osborn, Popper, 
Kerth, & Gerbode, 1962). The physiologic basis for the 
development of hypoxemia includes problems of ventilation 
and abnormalities of gas exchange. 
Hypoxemia 
Hypoxemia is the result of a venous admixture effect 
often caused by one, or a combination of, the following 
factors: (1) hypoventilation, (2) intrapulmonary shunting, 
and (3) a disturbance in the alveolar capillary membrane 
permeability. The occurrence of these phenomena to a suf-
ficient degree results in ventilation perfusion inequalities 
which will produce arterial hypoxemia. 
Evaluation of hypoxemia by clinical observation alone 
may be inadequate. The appearance of cyanosis is dependent 
upon blood volume and hemoglobin content, tissue blood flow, 
and tissue oxygen content. Clinically recognizable cyanosis 
may be absent in the presence of significant hypoxemia 
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because of decreased blood volume or decreased hemoglobin 
(Hamilton, McDonald, Fischer, & Bethards, 1964; Taber & 
VanDeKerckhof, 1968). For example, in a patient with a 
hemoglobin content of 15 gm per 100 ml of blood, with normal 
blood flow, cyanosis appears at approximately 80% saturation 
of hemoglobin. This corresponds to an arterial oxygen 
tension of 45 mm Hg. If hemoglobin is lowered to 10 gm per 
100 ml of blood, cyanosis will not be apparent until 
arterial oxygen saturation is about 70% or an arterial 
oxygen tension of about 35 mm Hg is reached (Benedixen, 
Egbert, Hedley-Whyte, Laver, & Pontoppidan, 1965, Chapter 
13). 
The difficulties of estimating the presence of 
hypoxemia make arterial blood gas analysis useful in 
determining the presence and severity of hypoxemia. 
Arterial gas tensions in subjects breathing room air 
reflect: (1) alveolar ventilation, (2) pulmonary capillary 
perfusion, and (3) the ventilation perfusion ratio (Ayres, 
Mueller, Giannelli, Fleming, & Grace, 1970). 
Postoeerative Hypoxemia 
Atelectasis and pneumonia are common causes of 
hypoxemia in the postoperative period (Awad, Lemieux, & Lou, 
1966; Ellison, Duke, & Ellison, 1967; Fordham, 1965; Geha 
et al., 1966; Mayock, 1970; McClenahan et al., 1965; 
Osborn et al., 1962). A primary postoperative factor con-
tr~buting to atelectasis, pneumonia, and hypoxemia, is the 
disruption of chest wall mechanics as a result of 
thoracotomy (Peters, 1969). Chest wall instability is also 
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associated with problems of air or fluid accumulation in the 
pleural space which restricts the patient's ability to take 
deep breaths. A decrease in chest wall compliance due to 
fixation of part of the chest wall from local muscle spasm 
associated with pain, results in a decrease in tidal volume 
and vital capacity. Ineffective coughing from pain and 
muscle spasm results in retention of secretions and 
increased airway resistance. Surfactant reabsorption 
increases, and its production decreases due to obstruction 
of the small airways by secretions. Any of these events may 
lead to atelectasis and pneumonia with resulting hypoxemia 
from increased intrapulmonary shunting and changes in ven-
tilation perfusion ratios (Peters, 1969, pp. 55-56; Sutnick, 
Soloff, & Sethi, 1968). 
Preoperative Factors Related 
to Hypoxemia 
A variety of factors influences arterial oxygen 
tensions, and a wide range of values is accepted as normal 
(Conway, 1965, 1966; Dlament & Palmer, 1969; Mellemgaard, 
1966; Raine & Bishop, 1963; Sorbini, Grassi, Solinas et al., 
1968; Stephen & Talton, 1965). Age, weight, and smoking are 
three factors that may significantly modify the arterial 
oxygen level. These factors, singly or in combination, can 
produce varying degrees of hypoxemia. 
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A decrease in arterial oxygen tension occurs with 
increasing age, but these decreases may not be evident until 
the sixth decade of life (Conway et al., 1965; Hamilton et 
al., 1964; Marshall & Miller, 1965; Mellemgaard, 1966; 
Neufeld, 1973; Sorbini et al., 1968; Stephen & Talton, 
1965; Wrightman, 1968). In normal young subjects, alveoli 
in the upper lung zones are more expanded but less compliant 
than the smaller alveoli at the lung base. This difference 
in compliance favors ventilation of the lower lung zones 
when a breath is taken at functional residual capacity. 
Airway closure in the lower lung zones of normal young 
subjects is present only at lung volumes below functional 
residual capacity. In the aged, however, progressive loss 
of alveolar elasticity may result in an increase in pleural 
pressure. As a result, some of the basal alveoli are closed 
throughout all or part of the breathing cycle with concomml-
tant decreased vent11ation to the lower lung. Airway 
closure in the aged, therefore, may be present in the normal 
tidal range. The resulting perfusion in excess of ventila-
tion at the lung bases may contribute to impaired alveolar 
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gas exchange and hypoxemia (Sorbini et al., 1968). Holland 
and co-workers (1968) have reported an increased blood flow 
to upper lung zones in elderly subjects as compared to 
normal young men. These investigators suggested that 
increased basal vascular resistance resulting from the loss 
of elastic recoil may raise the pulmonary artery pressure 
and increase apical blood flow. Increased apical perfusion 
would reduce the degree of ventilation perfusion abnormality 
resulting in smaller decreases in arterial oxygen tensions 
in some older individuals. 
Overweight 
Subjects who are overweight may exhibit arterial 
oxygen values in the marginal ranges of hypoxemia. 
Increased abdominal girth and chest wall weight reduces lung 
volume, interferes with pulmonary expansion, and results in 
reduced ventilation to the lower lung zones. As in the 
aged, the basal alveoli expand less even though pulmonary 
perfusion is unchanged. In overweight subjects, increased 
airway closure is caused by a reduction of the functional 
residual capacity rather than the loss of elastic recoil 
properties. In addition, overweight subjects often exhibit 
an increase in the work of breathing with a resultant 
increase in both oxygen demand and uptake (Barrera, Hillyer, 
Ascanio, & Bechtel, 1973; Holley, Milic-Emili, Becklake, & 
Bates, 1967). 
Smoking 
Smoking produces chronic inflammatory changes in the 
bronchial mucosa with resultant excessive mucous secretions 
andlmpairment in the natural cleansing mechanisms (Woolf & 
Suero, 1967). The larger volume of secretions and their 
thick tenacious character results in increased airway 
resistance and decreased maximum expiratory flow. 
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Cigarette smokers have lower yields of pulmonary 
surfactant than nonsmokers (Finley & Ladman, 1972). The 
geometric stability of the alveolus as well as fluid 
filtration and absorption balance in the lung is dependent 
upon the presence of pulmonary surfactant. Surfactant 
activity reduces surface tension and maintains alveolar 
volumes at low trans pulmonary pressures. Impairment of 
surfactant synthesis results in increased surface tensions 
and progressive alveolar closure at low lung volumes. 
Reinflatton of the collapsed alveoli requires high trans-
pulmonary pressures. Failure to reinflate collapsed alveoli 
results in intrapulmonary shunting and hypoxemia (Pontoppi-
dan, Getfftn, & Lowenstein, 1972). 
Carbon monoxide produced by smoking can combine with 
10 to 20% of available hemoglobin. This abnormal percentage 
of carboxyhemoglobin in the blood causes a correspondingly 
limited oxygen oarrying oapaoity lasting approximately 72 
hours after cessation of smo~ing. In addition, the oxygen 
which is bound to the remaining 80 to 90% of the hemoglobin 
has an increased affinity for hemoglobin so that unloading 
at the tissue level becomes more difficult (Ayres, 1972; 
Brewer, Eaton, Grover, & Weil, 1971). 
Nursing Implications 
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A primary role of nursing is the implementation of 
plans of therapy that will help maintain the patient's 
opttmal pulmonary funotion. Inoluded in a therapeutic plan 
is the antioipation and prevention of complioations. An 
essential component of patient care 1s the establishment of 
a data base in the preoperative period whioh can be used in 
the formulation of a plan of action postoperatively. 
Identification of patients with potential for developing 
pulmonary problems is facilitated by tests assessing lung 
function. Arterial blood gas determinations provide data 
about the adequacy of ventilation. These data can be used 
as a baseline for the evaluation of ohanges that occur after 
surgery_ The interpretation of arterial blood gas tensions 
necessitates an understanding of factors that may be asso-
ciated with the development of hypoxemia. The best approach 
to evaluation of preoperative respiratory status may be the 
combination of a well documented clinical picture as well 
as arterial blood gas determinations. 
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The purpose of this study was to determine relation-
ships between the pre- and postoperative arterial oxygen 
tension levels in selected patients undergoing openheart 
surgery requiring cardiopulmonary bypass. A second purpose 
was to determine how the variables of age, weight, and 
smoking were related to both pre- and postoperative arterial 
oxygen levels. Knowledge of such relationships may assist 
in the prediction and prevention of postoperative hypoxemia. 
Nursing intervention can then also be planned specifically 
to minimize hypoxemia. 
CHAPTER II 
SUBJECT INFORMATION AND METHODOLOGY 
Subject Information 
Fourteen subjects admitted for openheart surgery 
from November 1973 to April 1974, to the McKay-Dee Hospital 
Center in Ogden, Utah, comprised the study sample. The 
group consisted of nine males, and five females ranging in 
age from 29 to 64 years. Six subjects had single or mul-
tiple prosthetic valve replacement for valvular disease. 
I 
Eight subjects had single, double, or triple saphenous vein 
grafts for myocardial revasoularization. A summary of 
indtvidual subject characteristics is located in the 
Appendix. Two physicians performed the surgeries on the 
sample subjects as noted in the Appendix. A median 
sternotomy approach was employed in all of the subjects. 
Cardiopulmonary bypass was performed with the aid of a 
Harvey oxygenator pump. 
Individuals who met the following oriteria were used 
as study subjects: 
1. 25 to 75 years of age; 
2. requiring one cardiopulmonary bypass;l 
3. normal breath sounds preoperatively on olinioal 
evaluation; and 
lAny patient who had to return to surgery for a 
seoond cardiopulmonary bypass was exoluded. 
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4. preoperative chest X ray interpreted as normal by 
a radiologist. 
All subjects were weighed with the same scale on 
admission to the hospital. An individual who was 10% in 
excess of the expected level for height and weight was 
classified as being overweight. The Metropolitan Life 
Insurance Company's table of desired weights for medium 
frames was used as a standard index for determining over-
weight status. 
Information regarding smoking and age was obtained 
from the patient's chart. Subjects were categorized as 
either smokers or nonsmokers. 
Intermittant positive pressure treatments were 
individually demonstrated to each subject preoperatively and 
were practiced by each subject. A nurse other than the 
investigator instructed the subjects in coughing and deep 
breathing procedures. 
Methodology 
Arterial blood samples were obtained either by 
percutaneous puncture or from an indwelling arterial 
catheter. Sampling s1.tes were the radial, brachial, or 
femoral arteries. A heparin lubricated syringe was used to 
obtain all samples with the subject supine and at rest. 
Calibrations were done within 15 minutes of sample collec-
tion. Arterial blood gas measurements were determined with 
a Clark electrode on a Radiometer BMS Mark III acid base 
analyzer. 
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Arterial blood samples were drawn preoperatively and 
on the third postoperative day. A third sample was drawn 
on the ninth postoperative day from those subjects still 
hospitalized. Postoperative samples were drawn after the 
subjects had been breathing room air for at least 30 
minutes. Three of the subjects' conditions did not warrant 
room air sampling on the third postoperative day. There-
fore, the samples were drawn with subjects breathing 40% 
oxygen. 
For the purpose of this study, the arterial blood gas 
values shown in Table 1, which have been adopted as the 
normal range for this altitude, were used (University of 
Utah Affiliated Hospitals). 
Data were analyzed to compare differences between the 
preoperative and postoperative arterial oxygen tension 
levels. Additional analysis was done to determine whether 
the variables age, weight, and smoking were related to the 




ARTERIAL BLOOD GAS VALUES 
Range normal value Degree of change 
on room air with 
Measurement or without exercisea Mild Moderate Ma.rked 
pH unt ts 7.40:t.02 -.1 -.15 -.2 
+.1 +.15 +.2 
PC02 mm Hg 38:!:" 3 
30-36 29-25 25 
41-45 45-64 65 
P02 mm Hg 68-80 60-67 50-59 50 
sao2~ 92-95 85-92 70-84 70 
aCorrected for altitude. 
CHAPTER III 
RESULTS 
Pre- and postoperative arterial blood gas tensions 
were determined on a selected group of subjects undergoing 
openheart surgery with cardiopulmonary bypass. Descriptive 
data were used to further categorize study subjects as 
follows: 
1. those 55 years of age and greater; 
2. those less than 55 years of age; 
3. subjects 10% or more over ideal weight; 
4. subjects less than 10% over ideal weight; 
5. smokers; and 
6. nonsmokers. 
A comparison of the pre- and postoperative arterial 
oxygen tensions for each subject in the total sample was 
made and is displayed in Table 2. 
The data indtcate that preoperatively, individual 
arterial oxygen values were variable. All but two subjects 
had arterial oxygen values below the normal range (68-80 mm 
hg). Six subjects had arterial oxygen values in the range 
of mild hypoxemia (60-67 mm Hg), and six subjects' values 
were in the moderate hypoxic range (50-59 mm Hg). 
Postoperatively, the range of observed values for 
the total sample reflected considerable variation with the 
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lowest values generally occurring on the third postoperative 
day. Three of the subjects had arterial oxygen values in 
the moderately hypoxic range, and eight of the subjects' 
arterial oxygen values were in the marked hypoxic range 
(less than 50 mm Hg). 
TABLE 2 
PRE- AND POSTOPERATIVE ARTERIAL OXYGEN TENSIONS REPORTED 
IN MM OF Hg 
Preoperative Third P.O. day Ninth P.O. day 
Subject P02 P02 P02 
1 54 63 a 
2 61 49 50 
3 62 46 46 
4 66 68a 44 
5 68 37 51 
6 55 62a 45 
7 62 45 51 
8 65 37 
9 51 47 
10 71 31 76 
11 59 42 51 
12 60 55 
13 59 50 
14 54 55 46 
Range 51-71 31-68 44-76 
aBreathing 40% oxygen. 
Within the sample, data by the categories age, 
weigh t, and smoking, were analyzed in order to determine 
whether relationships existed among these factors and the 
pre- and postoperative arterial oxygen tensions. 
Arterial oxygen levels pre- and postoperatively by 
age range are displayed in Tables 3 and 40 When subjected 
to a Spearman's rho statistical analysis, no statistically 
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significant differences between the age groups and the pre-
and postoperative levels were found. The older group of 
subjects had a smaller decrease in arterial oxygen levels 
between t.he preoperative and third postoperative day than 
did the younger group. However, this difference was not 
statistically significant. 
TABLE 12 
PRE- AND POSTOPERATIVE ARTERIAL OXYGEN TENSION LEVELS AND 
MEANS FOR THE SUBJECTS UNDER 55 YEARS OF AGE 
REPORTED IN MM OF Hg 
Third Ninth 
Preoperative P.O. day P.O. day 
Age P02 }1ean P02 Mean P02 Mean 
52 61 49 50 
47 62 46 46 
49 66 68 a 44 
54 55 62a 45 
46 65 37 
52 51 47 
46 71 31 76 
29 59 61 42 42 51 52 




PRE- AND POSTOPERATIVE ARTERIAL OXYGEN TENSION LEVELS AND 
MEANS FOR THE SUBJECTS 55 YEARS OF AGE AND OVER 
REPORTED IN MM OF Hg 
Third Ninth 
Preoperative P.O. day P.O. day 
Age P02 Mean P02 Mean P02 Mean 
57 54 63a 
60 68 37 51 
61 62 45 52 
57 60 55 
64 59 50 
59 54 60 55 48 46 49 
aBreathing 40% oxygen; value not included in the 
mean. 
Weight 
Table 5 displays the relationship between weight and 
the mean pre- and postoperative arterial oxygen levels. 
Using Spearman's rho measure of association analYSis, no 
significant statistical differences were seen between the 
groups. 
Smoking 
Point-biserial coeffioient correlations were used to 
analyze the significance of the smokers' and nonsmokers' 
pre- and postoperative arterial oxygen tensions. No 
statistically significant differences were shown between the 
smokers' and nonsmokers' preoperative arterial oxygen 
TABLE 5 
MEAN PRE- AND POSTOPERATIVE ARTERIAL OXYGEN TENSIONS 
AND WEIGHT REPORTED IN.MM OF Hg 
Preoperative Third P.O. day Ninth P.O. day 
Subj ec t P02 P02 P0 2 
6a 6a 4a 
10?b and over 61 46 50 
expected weight (range, 51-6S) (range, 31-49) (range 46-51) 
Less than 10% Sa 5a 6a 
of expected 61 44 52 
weight (range 54-71) (range 31-55) (range 44-76) 




tensions. However, the smokers' third day postoperative 
arterial oxygen levels were significantly lower than the 
nonsmokers' third postoperative day arterial oxygen levels~ 
The correlation coefficient indicating change in pre- and 
third postoperative day arterial oxygen levels for smokers 
was +.56. This is significant at the .05 level. The one-
tailed ~ value of 2.07 was also significant at the .05 
level. The mean pre- and postoperative arterial oxygen 
tensions for smokers and nonsmokers are reported in Table 6. 
Figure 1 displays the mean changes in arterial oxygen values 
for smokers and nonsmokers. 
Using preoperative and third postoperative day 
arterial oxygen tension values, a Pearson r was calculated 
for each group, smokers and nonsmokers. The coefficient for 
each group was -.90 at the .01 level of significance. This 
finding suggests that subjects with the highest preoperative 
arterial oxygen tension had the lowest arterial oxygen 
tension on the third postoperative day. 
There were insufficient data to evaluate the statis-
tical significance of arterial oxygen tensions recorded on 
the ninth postoperative day for the two groups, smokers and 
nonsmokers. The mean arterial oxygen tension on the ninth 
postoperative day was 59 mm Hg (subject range, 51-76 rom Hg) 
for the three smokers and 47 mm Hg (subject range, 44-52 





MEAN PRE- AND POSTOPERATIVE ARTERIAL OXYGEN TENSIONS FOR 
SMOKERS AND NONSMOKERS REPORTED IN ~rn OF Hg 
Preoperative Third P.O. day Ninth P.O. day 
P02 P02 P0 2 
5a 5a 3a 
60 40 61 (range 51-71) (range 31-47) (range 51-76) 
9a 6a 6a 
60 49 56 (range 54-68) (range 37-68) (range 44-47) 









































Fig. 1. Frequency polygon of mean changes in pre-
and postoperative arterial oxygen values for smokers as 
compared to nonsmokers. 
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Significance of Arterial OXt~en 
Tension Levels with Comblna on 
of Variables 
21 
An analysis of variance was done on all combinations 
of subject variables for both the pre- and postoperative 
values of arterial oxygen tension. No statistically sig-
nificant correlations were found for any combination of 
variables. Table 7 displays the combination of variables 
subjected to analysis. 
TABLE 7 
VARIABLE COMBINATIONS SUBJECTED TO ANALYSIS OF VARIANCE 
Combinations of Statistical 
variables significance 
Age + weight No significance 
Age + smoking No significance 
Weight + smoking No significance 
Age + weight + smoking No significance 
CHAPTER IV 
DISCUSSION 
The purpose of this study was to: (1) compare pre-
and postoperative arterial oxygen tension levels in 
subjects undergoing openheart surgery, and (2) determine 
the effects of age, weight, and smoking on these levels. 
Preoperative Arterial 
Oxygen Tensions 
A literature review related to preoperative arterial 
oxygen levels revealed conflicting findings. Stephen and 
Talton (1964, 1965) and Hamilton and co-workers (1964) 
reported arterial oxygen values in subjects of varying age 
and of different sex admitted to the hospital for elective 
surgical procedures. The range of values reported was from 
57-103 mm Hg, with the majority of values lower than that 
considered normal (95 mm Hg). These investigators concluded 
that the arterial oxygen tension normally varies within 
individuals and is dependent upon physical status and age. 
The low oxygen tensions reported by the investigators may 
have been due to the presence of patients with cardiovas-
cular or respiratory disease. 
Results reported by other investigators who inCluded 
only subjects clinically free from cardiovascular or 
respiratory disease reported a normal range of oxygen 
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tensions. These investigators reported mean arterial oxygen 
values above 91 mm Hg (Conway et alo, 1965, 1966; Diament & 
Palmer~ 1969; Ratne & Bishopj 1963)v 
In cardiovascular patients awaiti.ng openheart 
surgery for prosthetic valve replacement, Fordham (1965) 
reported a mean arterial oxygen value of 87 mm Hg. Geha and 
his colleagues (1966) reported mean arterial oxygen values 
for two different study populations of 76 mm and 85 mm 
Hgo Preoperative arterial oxygen values found in the 
present study are in accord with the values obtained in 
those studies using subjects with cardiovascular disease. 
The hypoxemia found in subjects of the present study may 
also suggest some degree of subclinical respiratory 
impairment not revealed on clinical examination. The inter-
relationship between cardiac and respiratory problems may 
increase the incidence of respiratory complications 
contributing to hypoxemia. Another possible cause for the 
low preoperative arterial oxygen values found in this study 
was the fact that sampling was done with the subjects in the 
supine position following a night's sleepo Conway et al o 
(1965) and Raine and Bishop (1963) reported differences in 
arterial oxygen tension between subjects in the seated and 
in the supine position. Although these differences were 
not statistically significant, the relationship between 
arterial blood gas levels and body position remains of 
interest and warrants further study. 
Postoperative Arterial 
Oxygen Tensions 
Arterial hypoxemia was observed in every subject 
breathing room air in the immediate postoperative period. 
That decreases in arterial oxygen tension are frequently 
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encountered following openheart surgery is supported by the 
literature reports described in Chapter I. 
The previous studies discussed in Chapter I 
described an inverse relationship between arterial oxygen 
tension and age in hospitalized subjects. This relationship 
was not demonstrated in this study as the mean preoperative 
arterial oxygen tension was comparable for both the older 
and younger groups. The small sample size or the fact that 
all the patients had cardiovascular disease may have 
affected the relationship between arterial oxygen tension 
and age. 
Correlations between age and postoperative arterial 
oxygen tensions were not statistically significant. The 
older subjects, however, tended to have smaller decreases 
of arterial oxygen levels on the third postoperative day 
than the younger subjects. This may be due to the increased 
apical blood flow in the aged as suggested by Holland and 
co-workers (1968) and discussed in Chapter I. A trend in a 
sample size this small should be used only as an indication 
for further study to validate or reject the trend suggested. 
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Overweight 
Six of the 14 subjects studied were 10% or more in 
excess of the expected weighto The mean pounds overweight 
was 13. A reduction in arterial oxygen tension from dis-
turbances in the ventilation perfusion ratios was 
anticipated in the overweight subjects. No significant 
correlation between weight and degree of hypoxemia was found 
in this study. This finding may be explained by the fact 
that no subject in the study was excessively overweight. 
Another possible reason is that i~pairment of normal 
ventilation perfusion ratios in overweight persons may be 
dependent upon the location of excess body weight. Fat 
deposition occurring mainly on the trunk and abdominal wall 
may cause elevation of the intraabdominal pressure and 
restriction of the expiratory reserve volume. An increase 
in body mass occurring in a region such as the buttocks may 
not interfere as readily with expiratory reserve volume, and 
abnormalities of ventilation would not be observed. 
Smoking 
A statistically significant finding of this study was 
the low arterial oxygen values found in the smokers on the 
~ird postoperative day. This difference between smokers' 
and nonsmokers' arterial oxygen tension on the third 
postoperative day was significant at the .05 level. On the 
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ninth postoperative day the smokers had higher mean 
arterial oxygen tension levels than the nonsmokers. Closer 
analysis of the individual members of the smoking group 
revealed that one individual accounted for this high mean 
value. Removal of this individual from the group would 
reduce the mean arterial oxygen value to a level that would 
approximate the nonsmoking group. 
The limitations Cigarette smoking places on oxygen 
transport, as discussed in Chapter I, may be especially 
pronounced following openheart surgery. The 24 hours 
required to dissociate carbon monoxide from the hemoglobin 
molecule reduces the oxygen carrying capacity at a critical 
time in the postoperative period. The increased airway 
resistance associated with Cigarette smoking increases the 
work of breathing and oxygen consumption. This decreased 
oxygen carrying capacity coupled with the increased work of 
breathing due to thoracotomy contributes to a decreased 
respiratory reserve and to hypoxemia. 
An interesting statistically significant finding was 
that subjects in each group, smokers and nonsmokers, with 
the highest arterial oxygen level preoperatively had the 
lowest value on the third postoperative day. Also, smokers 
and nonsmokers with the highest arterial oxygen levels had 
the lowest preoperative carbon dioxide levels. This low 
preoperative carbon dioxide level was probably the result of 
hyperventilation which contributed to the increased 
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preoperative arterial oxygen tensions of these subjects. 
In summary, the data from this study support litera-
ture reports that postoperative hypoxemia exists in patients 
undergoing openheart surgery who require cardiopulmonary 
bypass. In addition, this study shows that patients who are 
smokers tend to have a greater degree of hypoxemia on the 
third postoperative day than do patients who are nonsmokers. 
Also, patients with the highest preoperative arterial oxygen 
tensions tend to have the lowest arterial oxygen tensions on 
the third postoperative day. Moreover, all patients in this 
study were hypoxemic, or tending toward hypoxemia, 
preoperatively. 
Anticipation and optimal prevention of postoperative 
hypoxemia is important in the nursing management of patients 
requiring openheart surgery. Reoommendations for nursing 
practioe include: (1) aohieving and maintaining adequate 
ventilation and oxygenation postoperatively, and 
(2) reduoing oxygen consumption. 
Nur'ses must reoognize that factors such as smoking, 
exoess trunk weight, and advanoing age may limit a patient's 
postoperative respiratory reserve. Preoperatively, the 
nurse should identify those patients who are particularly 
vulnerable to postoperative hypoxemia. Since the degree of 
hypoxemia preoperatively may be variable and unprediotab1e, 
arterial blood gases reflect the adequacy of ventilation and 
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provide a baseline from which postoperative improvement or 
deterioration can be judged. In addition to a nursing his-
tory, physical assessment, and review of special test data, 
preoperative pulmonary function screening tests may be 
valuable in defining the level of impairment and reserve. 
Evaluation of the smoking patient should also include 
detailed information about cough and production, volume, and 
characteristics of sputum. 
The patient who is well informed through preliminary 
instruction can become an active participant in his own 
health care. Preventing and minimizing postoperative 
hypoxemia depends on the quality of the preoperative teach-
ing and the patient's own willingness to carry out those 
activities aimed toward the attainment of optimum pulmonary 
gas exchange. A teaching program should be initiated based 
on the individual's preoperative evaluation and should 
introduce postoperative inhalation therapy techniques. 
Basic preoperative teaching to promote increased ventila-
tion includes instruction in, and practice of such specific 
activities as coughing, deep breathing, and body position-
ing. 
Adequate coughing is particularly important in 
smokers who have increased bronchial secretions. Incisional 
pain following thoracic procedures may influence ventilation 
patterns by limiting tidal ventilation, cough effectiveness, 
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and the ability to take deep breaths. The resulting poor 
cleansing of secretions and tendency toward poor ventilation 
renders the lung more vulnerable to other insults. In 
order to cough effectively, the patient must be able to 
generate sufficient propulsive power to remove secretions. 
Hydration for the liquifaction and mobilization of retained 
secretions is particularly important in smokers. Preopera-
tive oral fluids may be sufficient, but parental fluids 
should be used as indicated. Pain and muscle spasm can 
prevent the postoperative patient from coughing. A cough 
that is weak and ineffective may raise secretions only after 
prolonged exhaustive effort. The judicious and timely use 
of narcotics by the nurse permits relaxation of muscle spasm 
and reduces the inhibition to cough. 
The reduced vital capacity which is associated with 
advancing age, excess body weight, and smoking may adversely 
influence ventilation. Deep breathing enhances functional 
residual capacity and may prevent airspace closure at end 
expiration. In addition to re-expanding alveoli to provide 
more equalized ventilation, deep breaths provide more air 
for expiration to expel accumulated secretions. Deep 
breathing also stimulates the production of surfactant by 
the alveolar cells. 
Ventilation is directly affected by the body posi-
tion. Gas distribution is less uniform throughout the lungs 
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when the individual is supine. The reduced total lung 
capacity and expiratory reserve volume found in the aged and 
obese are further reduced when lying down, yet the supine 
position 1s the most common position for the postoperative 
patient. In this position, the postoperative mechanical 
dysfuncttons of the chest walls are further exaggerated. 
In the supine position, more force is required to fully 
expand the lung, particularly in obese individuals, and 
less deep inspiration occurs. The older or more obese 
individual may be more lethargic and have less physical 
power to move about tn bed. Nurses who frequently change 
the patient's position help prevent airspace closure and 
retention of bronchial secretions and also facilitate the 
redistribution of pulmonary blood flow. 
General nursing measures which assist in reducing 
oxygen consumption include internal and external tempera-
ture control and adequate pertods of rest. Basal metabolic 
rate and oxygen consumption are increased following open-
heart surgery and may be further augmented by an elevated 
temperature. Antipyretics, hypothermia, and reducing the 
room temperature are nursing measures which help to control 
the body temperature, thereby reducing the rate of oxygen 
consumption and demand for pulmonary ventilation. Spacing 
of nursing activities to provide periods of uninterrupted 
rest reduces the tissue needs for oxygen. 
Nurses also need to consider that ventilation and 
oxygenation are not necessarily the same. An oxygen-
enriched atmosphere balances the ratio between oxygen 
consumption and the work of breathing. Oxygen administra-
tion and concentration should be adjusted to the patient's 
requirements based upon arterial oxygen tension. 
The need for objective measurements of arterial 
oxygen tension indicative of oxygenation status is empha-
sized in the management of patients requiring openheart 
surgery with cardiopulmonary bypass. Nursing intervention 
to preserve optimal pulmonary function is important to the 
patient's welfare and should be considered a routine 
nursing function. The principles of nursing management to 
prevent hypoxemia are simple, but the details of individu-
alized care must be adapted to each clinical situation. 
Recommendations for further study related to the 
anticipation and prevention of hypoxemia are as follows: 
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1. Preoperative arterial blood sampling on admission 
to the hospital and again after a night's rest in order to 
determine the effects of bedrest on arterial oxygen 
variation. 
2. Measurement of forced expiratory flow rates on 
preoperative patients to assess their value in predicting 
patient's ability to cough. 
3. Measurement ~nd correlation of functional 
residual capacity and expiratory reserve volume in obese 
subjects with differing distribution of adipose tissue. 
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APPENDIX 
SUMMARY OF DATA COLLECTED ON ALL SUBJECTS 
Percent of Third post- Ninth post-Preoperative operative day operative day Sub- expected ject Age Sex Smoker weight P02 CO2 P02 CO2 P02 CO2 
1 57 M no 109 54 40 63 a 41 
2 52 M no 117 61 42 49 74 50 31 
3 47 F no 119 62 39 46 34 46 39 
4 49 F no 108 66 34 68a 38 44 31 
5 60 m no 115 68 33 37a 34 51 28 6 54 M no 84 55 41 62 51 45 29 
7 61 M yes 111 62 22 45 35 51 25 
8 46 M yes 103 65 36 47 35 
9 52 M yes 115 51 50 47 53 
10 46 M yes 83 71 29 31 56 76 51 
11 29 F yes 82 59 40 42 41 51 37 
12 57 M no 97 60 48 35 44 
13 64 F no 120 59 47 50 39 
14 59 F no 81 54 39 55 54 46 
aSubjects on 40% oxygen. 
Subject Surseon Type of surgery 
1 A Myocardial revascu1arization 
Triple spahenous vein graft 
2 B Myocardial revascu1arization 
Double saphenous vein graft 
3 B Aortic valve replacement 
4 B Mitral valve replacement 
5 B Myocardial revascu1arization 
Triple saphenous vein graft 
6 A Aortic valve replacement 
7 B Myocardial revascularization 
Double saphenous vein graft 
8 B Mitral valve replacement 
9 A Myocardial revascularization 
Single saphenous vein graft 
10 A Myocardial revascularization 
Triple saphenous vein graft 
11 A Aortic and mitral valve replacements 
12 A Myocardial revascularization 
Single saphenous vein graft 
13 B Myocardial revascu1arization 
Doub1.e_ s_aphenous vein graft 
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